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Abstract

Background: The randomised trial has long been recognized as a paradigm for assessing
the efficacy of new interventions, because the investigator can reduce or eliminate many
sources of error. As such, clinical trials rarely include quantitative assessments of the
exient that systematic error could affect their results. We examined the impact of
different sources of bias on a randomised control trial of the efficacy of zinc as an
adjuvant to malaria therapy in reducing time to total parasite clearance.

Methods: Using daia from a previously published study, we identified two sources of
bias and used the sensitivity analysis technique developed by Lash and Fink to assess the
impact of each source of bias on the outcome.

Results: After correcting for each source of bias and reincorporating random error into
our results, the point estimate of effect comparing those who received placebo to those
who received zinc changed slightly {(from 0.92 to 0.90) but the 95% interval increased
22% (changing from 0.73 - 1.16 in the conventional analysis to 0.65 - 1.26 in the
sensitivity analysis).

Conclusions: The findings of this sensitivity analysis serve as a reminder that the
frequentist confidence interval underestimates the total error, even in a andomised
control trial. Authors of randomised controlled trial investigations ought to conduct a
complete assessment of the impact of potential sources of bias in their studics.
CONSORT guidelines for reporting triai results should be updated to encourage authors
to assess the impact of non-random errors on their studies.

Keywords: Sensitivity analysis; bias; randomised controlled trials; epidemiologic
methods
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Introduaction

The randomised trial has long been recognized as a paradigm for assessing the
efficacy of new interventions, particularly when studying small effects (1). When
cthically feasible and when a large enough study can be conducted, a randomised trial is
usually the recommended approach for studying new interventions. This design is
preferred because the investigator can reduce or eliminate many of the sources of error to
which observational studies are prone, such as selection bias, information bias and
confoanding bias (2). Accordingly, many authors interpret conventional frequentist 95%
confidence intervals (CI) derived from rigorously designed randomised trials as if they
reflected the total error in the study (3). They assume that by design, systematic error has
been reduced to zero, allowing only for random error. As such, clinicat trials rarely
include quantitative assessments of the extent that systematic error could affect their
results. Typical assessments of bias usually focus on whether randomisation “worked™
(4), whether the sample size was large enough to detect a difference (5), or whether loss-
to-follow up could have explained the results (6-9).

Quantitative sensitivity analysis is a means for assessing the impact of potential
biases in studies (10;11). While methods for conducting sensitivity analysis have recendy
received attention by epidemiologists (12-14), practical software to conduct such
analyses is not widely available. Using the sensitivity analysis technique developed by
Lash and Fink (12), we have examined the impact of different sources of bias on a
randomised contro! trial of the efficacy of zinc supplementation as an adjuvant 1o malaria

therapy in reducing time to total parasiie clearance (15).
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Methods

Original data collection and analysis

The methods used to collect data for this randomised, double-blind, placebo
controlled trial have been described in the report of the conventional analysis (15).
Briefly, children aged six to 60 months with fever >37.5 ° C and a parasite count of
22000 asexual forms of Pigsmodium falciparum/ul were randomised to receive either
zinc or placebo as an adjuvant 1o standard antimalarial therapy. The study was a
multicenter clinical trial conducted in Ecuador, Ghana, Tanzania, Uganda and Zambia
from December 1998 through May 000. Children who had pneumonia at baseline were
excluded from the study. The original study enrolled 1087 chiidren, of whom 542 were
randomised to receive an age-dependent daily dose of zinc and 545 children were
randomised to placebo. The conventional analysis also examined the proportion of
subjects who completely cleared the parasite at 72 hours, which is the outcome that will

be investigated in this sensitivity analysis.

Sources of bias assessed

To assess the impact of systematic error we hypothesized that the original study
was subject to two potential sources of systematic error. Below we describe each source
of bias that was identified and included in the sensitivity analysis in the order they were
comrected. Figure 1 shows the steps we 100k 1o reconstruct the dataset. Table 1 shows the
number of subjects in the conventional analysis stratified by their treatment group and

outcome.
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(FIGURE 1 HERE)

(TABLE 1 HERE)

Outcome misclassification

We identified two sources of misclassification of the cutcome. First, some of the
children in the study (n=46 in the zinc arm, n=43 in the placebo arm) did not have a
recorded outcome at 72 hours. In the initial analysis, all subjects with no recorded
outcome were excluded from the analysis. Some of these subjects likely had a successful
outcome and therefore would have been misclassified as to their outcome status. The
misclassification is equivalent to missing cases, which, if random, is expected 1o have no
impact on relative measures of effect, but is expected to reduce the precision of the
estimates (16). Correcting this bias would therefore be expected to narmow the CL

To account for the potential impact of the misclassification, we predicted the
probability of treatment success for each subject with no recorded ouicome. Because
treatment success is a function of baseline covariates, we determined the probability of
success for each individual with no recorded outcome by fitting a fogistic regression
model for all those subjects who had a recorded outcome. To account for the random
error in the estimated coefficients, we added to each predicted beta coefficient its
standard deviation multiplied by a randomly selected standard normal deviate. By
repeating this process 2000 times we created a distnibution of predictive models. We
could then input the actual measured covariates for each subject with no recorded

outcome into each model. This process yrelded 2000 predicted probabalitics of the
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outcome per subject who had missing data. We then used this predicted probability to
assign an outcome to each person missing an outcome by conducting a Bernoulli trial
based on a binomial distribution with a probability equal to the predicted probability from
the logistic model. If the Bernoulli trial predicted the subject would have been a reatinent
success, they were re-classified as to the outcome.

We also identified a second source of outcome misclassification. Despite recent
evidence casting doubt on the benefits of use of paracetamol in febrile children (17),
many of the subjects received paracetamol for management of fever during the study
follow-up period {(n=386 in the zinc arm, n = 360 in the placebo arm). While this was not
a violation of the study protocol, studies have indicated that, while reducing the amount
of time that a fever takes to resolve, use of paracetamol may increase the ime to
reduction of parasite count {(18-21). Accordingly, some of the children who were given
paracetamol and who did not clear P, falcipanin by 72 hours might have done so had
they not taken paracetamol. We used the data from those children who did not use
paracetamol to predict the probability that those whe did use paracetamol would have
cleared their parasite by 72 hours had they not taken the paracetamol. We {ollowed the
same procedure as above to assign whether each child who received paracetamol was to
be reclassified. For each child who received paracetamol we repeated the process 2000
times with a probability distribution about the estimates 10 determine a range of predicted
probabilities.

Because paracetamol use was similar between the two groups, we expected that
this would have littie impact on the measure of effect, which was aiready close to the

null. However, since there would be greater variability in the predicted outcomes, we
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hypothesized that repredicting the outcomes for those with paracetamol use would

increase the width of the interval.

Children whose iliness was not cause by malaria

While all the children in the study had a high enough parasite count and fever 1o
mect the study defmition of acute uncomplicated falciparum malana, some of the
children in the study might have had asymptomatic malaria parasitemia plus fever
unrelated to malaria. While this could not have been known upon enroliment, if these
children did not have fever due to malaria, then ideally they should have been excluded
from the study. We examined all children who went on to develop WHO-defined
community-acquired pncumonia (22) during the first 72 hours of follow-up (=115 in the
zinc anm, =113 i the placebo amm) to assess if they should have been meligible for the
study.

To assign which of these children should not have been in the study, we used
estimates from the jiterature on the probability of presenting with malaria and fever but
also having illness unrelated to malaria. While little empirical data exists, we were able
to locate some estimates {18;23;24). For each subject who had a recorded diagnosis of
respiratory illness we chose the probability that the subject should not have been in the
study from a triangular probability distribution, with a minimum probability of 0.086, a
maximum probability of (.85 and 2 mode of 0.44 (23). Subjects who were assigned to be
ineligible for the study were then deleted. Because we used the reconstructed dataset

from the last two steps of the reconstruction, each subject had 2000 records, and for each
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record we again drew randomly from a triangular probability distribution with the same
parameters. This meant that in one iteration a subject may have been removed from the
dataset, while in another iteration the subject may have remained.

Because this would have the effect of removing subjects from the dataset, and
because the number of children who potentially could be removed from the dataset was
similar in each treatment group, we anticipated that this would have minimal effect on the

measure of effect, and would increase the width of the confidence interval.

Outcomes reconstructed

We chose to assess the impact of all of the biases described above on complete
parasite clearance at 72 hours. Because we corrected each source of bias multiple times,
we now had 2000 complete datasets. For cach dataset we calculated a standardized
morbidity ratio (SMR) and the comresponding standard error. The distribution of these
2000 estimates of the SMR was then used to create simulation intervals that accounted
for the source of bias. To account for random error, for each reconstructed dataset, we
sampled with replacement (bootstrapping {(25)) the same number of subjects as was in the
original dataset (1087). For each of the 2000 bootstrapped datasets we calculated an SMR

and its estimated standard error to incorporate both random and systematic ermror.
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In the conventional analysis, the Zinc Against Plasmodium Study Group (ZAP),
found no changes in (a) time to fever reduction, (b) differences in the proportion of
children who had a reduction of 75% or more of their bascline parasite levels at 72 hours
afier randomisation, or (c} the proportion of children who had total parasite clearance at
72 hours after randomisation (15).

Figure 2 shows the conventional SMR. (before accounting for the sources of bias)
of total parasite clearance at 72 hours comparing those who received zinc to those who
received placebo (SMR=0.92: 95% CI1 0.73 - 1.16).

After reconstructing the dataset for all three sources of bias and then
reincorporating the effects of random error through bootstrapping. there was a small shift
in the point estimate, from SMR=0.92 to SMR=0.90, but a substantial expansion of the
confidence interval about the point estimate (from 95% Cl0f0.92 — 1.16 10 a 95%
simulation interval of 0.65 — 1.26). Results of each of the components of the sensitivity
analysis can be scen in Table 2. After correcting for both systematic and random error,
the width of the confidence interval represents an increased width of 22% over the
conventional analysis.

(FIGURE 2 HERE)

As was anticipated, the effect of the sensitivity analysis was to increase the width
of the simulation interval, while having little effect on the point estimate. Much of this
increase appears 1o come from the effect of correcting for paracetamol use, which
increased the interval 20% when corrected alone.

(TABLE 2 HERE)
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Discussion

The results of this analysis give a more complete presentation of the results than
do the results from the conventional analysis. The increased width of the coafidence
mterval about the estimate of effect reflects the fact that the study size was reduced by
removing subjects who may have been ineligible, which reduced the number of events.
From the sensitivity analysis results, we can see that both the comrections for
misclassification and the correction of ineligible subjects widened the bootstrap interval.
The impact of comrecting for paracetamol use also widened the interval once we
accounted for random error.

When correcting for both sources of bias simultancously, the total number of
outcome events was reduced, and thereby reduced the precision of the estimates of effect
The fact that the point estimate of the SMR did not change much from the conventional
analysis suggests that the effects were comparable in the two treatment groups, most
likely because randomisation balanced these external influences on parasite clearance.

The findings of this sensitivity analysis serve as a reminder that the frequentist
95% confidence interval underestimates the total error, even in a randomised control tnial.
Authors of randomised controlled trial investigations ought to conduct a complete
assessment of the impact of potential sources of bias. In this sensitivity analysis we found
that the width of the simulation interval derived in the sensitivity analysis was almost
25% larger than the conventional frequentist interval.

The CONSORT statement on the reporting of clinical tnals states that authors
should include in their discussion section, “Interpretation of the results, taking into
account study hypotheses, sources of potential bias or imprecision and the dangers

10
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associated with multiplicity of analyses and outcomes.™ (26) (italics ours). Whether or not
authors include all of the potential sources of bias in randomised controlied trials is a
matter of speculation; however, the CONSORT statement does not recommend that
authors quantify the sources of potential bias, even by making assumptions about the
direction and magnitude of these biases or through incorporating the bias into their
estimates of effect through some of the methods described by Greenland (10).

This sensitivity analysis demonstrates that the usually relied upon frequentist
confidence interval, even from a well designed randomised trial, cannot be assumed to
include the total error of a study. Even when authors give statements about the possible
direction and magnitude of possible biases in their discussion sections. it is difficuht for
consumers of the literature to estimate the impact that muitiple sources of bias will have
when acting simultanecusly. Studies that incorporale sensitivity analysis can include the
systematic error in their measures of effect and confidence interval and can reduce the

burden on the reader without increasing the amount of space necessary to present results.

El
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Figure 1 — Sensitivity Analysis Flowchart

Fox,etal
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Figure 2 — Sensitivity Analysis of a Trial of Zinc as an Adjuvant to Malaria Therapy
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Table 1 - Number of Subjects by Treatment Group, Ouicome, and Paracetamel Use

Number of Subjects by Treatment Group, Outcoms, and Paracetamol Use

No Paracsiamol Parscatsmol
- Placsbo _Zinc | Totsl | Pucebo Zinc | Totsl | Piacsbo Ziec | Total
Trestment Success 52 % 105 L] 54 1) 108 100 2
Trwcutrwent Fallure 58 ] i ] 296 306 02 I 36 ™
Nao Outcome 8 2 43 15 28 L 49 L. ”
Total 185 156 B0 E ] 545 542 1087




Sensitivity Analysis of 2 Randomised Control Trial

Fox, etal

Table 2 — Sensitivity Analysis of a Trial of Zinc 2s an Adjuvant to Malaria Therapy

Systematic Error ¥
Width
2.5% 50% 97.5% Ci
Conventional analysis 0.92 0.92 0.92 1.00
Sensitivity analysis correcting for:
Those with no recorded outcome .85 0.90 (.96 1.14
Those whao took Paracetamol 0.69 0.91 1.19 1.72
Those with illness not caused by malaria 0.86 (.88 0.92 1.07
All three simultaneously 0.70 0.90 1.18 1.69
Systematic and Random Error 1
Width % Increase
2.5% 50% 97.5% ci .
Conventional analysis (random efror only) 0.73 0.92 1.16 1.59 NA
Sensitivity analysis correcting for:
Those with no recorded outcome 0.71 0.90 1.16 1.64 3%
Those who took Paracetamol 0.66 0.91 1.26 1.91 20%
Those with ilness not caused by malaria 0.66 (.89 1.15 1.73 8%
Bootstrap (random and systematic error) 0.65 0.90 1.26 1.95 2%

* The % increase compares each analysis to the conventional analysis accounting for andom error only

'Alimalysmusethephcebﬁgnmpnmcrefumcem
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